Objective-The vasomotor responses of the epicardial coronary arteries to acetylcholine were examined in patients with normal coronary arteries and chest pain.
the proximal and distal segments respectively. The two different patterns of the vasomotor response coexisted in eight (53%) of the 15 patients. Intracoronary isosorbide dinitrate caused a greater increase in the coronary luminal diameter of distal segments than in proximal segments in group 1 (25.63 (5.16 )% v 12-43 (3.48)%, P < 0.01) but not in group 2 (12-65 (2.53)% v 10*82 (3-33)%.
Conclusions-Constriction and dilatation may occur in proximal and distal coronary artery segments, suggesting local areas of endothelial dysfunction, in response to acetylcholine in patients with chest pain and angiographically normal coronary arteries.
(Heart 1996;75:261-266) Keywords: acetylcholine; endothelium; vasoconstriction; vasodilation In patients with angiographically normal epicardial coronary arteries intracoronary acetylcholine causes coronary artery dilatation. [1] [2] [3] Experimental and clinical studies have shown that epicardial coronary artery dilatation is due to the release of nitric oxide in response to acetylcholine.46 In patients with atheromatous coronary arteries acetylcholine causes coronary artery constriction even at low doses3 [7] [8] [9] and the coronary artery responses to acetylcholine are dependent on the patient's characteristics and the extent of coronary atherosclerosis.101' Experimental studies have supported these findings and it has consequently been argued that dilatation of a coronary artery in response to acetylcholine is consistent with normal endothelial function and constriction with endothelial dysfunction. '2-14 Other studies have shown that in patients with chest pain and normal coronary arteries the vasodilator response to acetylcholine may be attenuated or vasoconstriction may even occur.' [15] [16] Furthermore, El-Tamimi et al. 17 have recently reported that in patients with coronary artery disease both localised dilatation and constriction at a given dose of acetylcholine can be observed in the same atheromatous vessel suggesting that in these arteries there are localised areas with normal endothelial function.
The effects of acetylcholine in normal coronary arteries seem to be dose dependent, constriction occurs at high dose in vessels dilated at lower doses and the effects of a particular dose seem to vary between patients.26 Localised dilatation and constriction at a given dose in the same coronary artery has never been reported in patients with angiographically normal coronary arteries. In this study we examined the segmental coronary vasomotor effects of acetylcholine in patients with chest pain and normal coronary arteriograms. 1  45  F  +  -+  -+ve  2  60  F  +  ----ve   3  41  F   -+  +  --ye  4  49  M   -+   --ye  5  46  M  --+  +   -ve  6  48  M  --+  --ve  7  58  F  -+  ---ve  8  59  F   --+  --ve  9  33  M  --+  --ve   10  43  M  -+  +  --ve  11  32  M  --+  --ve  12  42  M  +  ---+ve  13  68  M  -+  --+ve  14  46  F  -+  ---ye  15  47  F  -+  -+ The study protocol was approved by the Research Ethics Committee of the Hammersmith Hospital and informed written consent was obtained from all patients.
Patients and methods

STUDY PROTOCOL
Two electrocardiogram leads were monitored continuously throughout the study. Coronary arteriography was performed through the right femoral artery using 8 French Judkins catheters. Femoral arterial blood pressure and heart rate were recorded during the last 30 s of each infusion period. Following the diagnostic study, an optimal radiographic projection was chosen to visualise the coronary arteries to be studied, and the position of the image intensifier was subsequently kept constant. The left coronary artery only was studied in nine patients, the right coronary artery only in four, the right and left coronary arteries in two. Infusions were administered through the Judkins catheters at room temperature at a rate of 1 ml/min using a syringe pump (Perfusor; Braun-Melsungen, Germany). All patients received a single 2 min infusion of vehicle solution (0 9% saline), followed by 2 min infusions of acetylcholine (1 ml/min) in incremental intracoronary concentrations from 10-I to 10-5 mol/l in two patients, to 10-4 mol/l in four, and to 10-3 mol/l in nine, followed by an intracoronary bolus of isosorbide dinitrate (2 mg in 2 ml saline).
Coronary angiography was performed with a hand injection of non-ionic contrast medium (6-8 ml) at baseline, after each infusion, and 2 min after isosorbide dinitrate. The catheter was emptied before each angiogram to avoid bolus administration of infused solutions.
QUANTITATIVE CORONARY ANGIOGRAPHY
The arterial segments in an end diastolic frame from each arteriogram were analysed in random order using quantitative computerised analysis with an automated edge contour detection analysis system (Computerised Angiographic Analysis System, Version 2V2; Pie Data Medical, Maastricht). 19 20 The angiographic catheter was used as a scaling device and this together with the pincushion distortion correction allowed the diameters to be recorded as absolute values. The diameter of angiographically proximal and distal segments was measured from the arteriograms recorded at baseline and after saline, acetylcholine and nitrate administration. The proximal left anterior descending coronary artery diameter was measured just beyond the origin of the artery and the distal diameter was measured just distal to its second diagonal branch; the proximal left circumflex coronary artery diameter was measured just beyond the origin of the artery and the distal diameter just beyond the origin of the second marginal branch; the proximal right coronary artery diameter was measured just beyond the origin of the artery and the distal diameter just beyond the origin of posterior descending branch. In the 15 patients, 1 1 left and six right coronary arteries were studied. Eleven proximal and distal left anterior descending coronary artery segments were analysed. Ten proximal left circumflex (in one patient the image quality of the left circumflex was not suitable for analysis) and 14 distal left circumflex segments were analysed; in three patients with a dominant left circumflex coronary artery an additional distal segment in the second marginal branch was analysed. Six proximal and eight distal right coronary artery segments were analysed; in two patients with pronounced dominant right coronary arteries one additional distal segment was analysed. Quantitative analysis of coronary arteriograms was carried out by two independent observers, who blindly reanalysed the films at a remote time for reproducibility of the method. No significant intra-or inter-observer Variable coronary vasomotor responses to acetylcholine in patients with normal coronary arteriograms: evidence for localised endothelial dysfunction variability was found (analysis of variance F = 0-34, P = 0 75). Coronary artery segments were divided into two groups according to their response () 5%) to low dose acetylcholine ((10-7-10-6 mol/l). Three patterns of response to the low doses of acetylcholine (10-7-10-6 mol/l) were observed; constriction only in three patients, dilatation only in four, and constriction and dilatation in eight (in the same vessel in six and in different vessels in two). At these low concentrations of acetylcholine 33 distal and 27 proximal segments were studied and coronary artery segments were divided into two groups, according to their response to low doses of acetylcholine (table 2) . Twenty (61%) of 33 distal and 11 (41%) of 27 proximal segments dilated > 5% (group 1), and 13 (39%) of 33 distal segments and 14 (52%) of 27 proximal segments constricted > 5% (group 2). Two proximal segments did not change. The frequency of dilatation of distal vessels was greater than constriction (P < 0 05). The maximum magnitude of dilatation in group 1 in the proximal segments (7-83 (1.19)%) was observed at 10-5 mol/l and that in the distal segments (11 -6 (2 2) %) at 10-6 mol/l (figs 1 and 2).
At maximum acetylcholine concentration (10-3 mol/l) in group 1 segments, eight (73%) of 11 distal and two (40%) of five proximal segments constricted (P < 0 001 compared with the low concentration response) and the remainder dilated or did not change. In group 2, all distal (n = 9) and proximal (n = 9) segments constricted further at 10-3 mol/l. During the maximum dose of acetylcholine constriction was greater in group 2 segments than in group 1 (proximal segments -16-55 (3 3)% v -0 7 (2 63)%, P < 0 05; distal segments -33-11 (11-63)% v -15-78 (8 2)%) and greater in distal than in proximal segments (P < 0 05) for both groups (fig 2) . The patient refused cardiac surgery. A permanent pacemaker (VVI multiprogrammable) was implanted because he was dependent on the temporary pacemaker. When the patient was reassessed after 6 months and after 2 years he was symptom free. The patient was reassessed at one year when he was still pacemaker dependent and there was no change in the size of the cyst on the echocardiogram.
Echinococcosis in the heart is uncommon and a cyst in the interventricular septum is rarer still, accounting for only 2-9% of all cardiac cases.'-2 They occur in the pericardium or free wall of left ventricle in 50%-77% cases.'3 In our patient the hydatid cyst was located in the interventricular septum and caused syncopal attacks owing to complete heart block. Another similar case has been reported.2 We agree with the earlier reports3 4 that cross sectional echocardiography is the most reliable method of diagnosing an intraseptal hydatid cyst. In our patient the scolices found in the fluid from the hepatic cyst was further evidence that the cyst in the interventricular septum was hydatid. This tended to exclude the other possibility of a mesothelioma.
Surgical removal of the cardiac cyst remains the best treatment.2 Where this is not feasible, however, patients can be treated satisfactorily with repeated courses of albendazole and the supportive measures used in our patient. 
